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What is the CMB?

(Very) Brief History

[0 Last interacted with
matter at ~300,000 Y
years after the Big Bang.

[1 Existence is a direct o
prediction of Big Band ; R =

[0 First detected by Wilson
& Penzias (Nobel Prize

3 min 3x1 O5yrs 5x10%rs

1965)
0 1% T.V. ‘fuzz’' is CMB. |

Nucleo- Last Galaxy
Synthesis Scattering Formation




Observing the CMB - COBE (1992)

2.73 Kelvin Blackbody

_ Cosmic MICROWAVE BACKGROUND SPECTRUM FROM COBE

THEORY AND OBSERVATION AGREE
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Perfect blackbody -> radiation in thermal equilibrium




CMB Power Spectrum
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MAXIMA

Balloon-borne experiment to measure CMB
anisotropies at high resolution.
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MAXIMA-I picture of the CMB (1998)



Why do we need supercomputers?

O

O

d is the pixelized anisotropy map, which has a multivariate
Gaussian distribution with covariance matrix M.

Maximize the likelihood L as a function of C.,.

2InL = N,n|M|+d M 'd

M, ZECP(COSHU)

M, is a large dense matrix (N, by N, where N, ~ 90,000).

Done with a Newton-Raphson technique for finding the zero
derivative (matrix inversion and matrix-matrix multiplications).

Described by Bond, Jaffe, Knox (1998), parallel implementation
by Julian Borrill at NERSC (MADCAP).




MAXIMA-I power spectrum
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[0 Highest resolution measurement of CMB anisotropy at the time.

[0 Computational resources are provided by NERSC and the
Minnesota Supercomputing Institute (MSI).




Cosmological Parameter Estimation
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WMAP & MAXIMA

MAXIMA-I



WMAP & MAXIMA (cont.)

WMAP MAXIMA-I

Similar structure seen in both maps !!




Cross Spectrum

O

Measures correlation between two maps on various angular
scales.

Computationally intensive.

Similar algorithm for power spectrum -> generalized to include
two temperature maps.
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CMB Polarization

[0 CMB photons are Thomson scattered off of free electrons ->
induces linear polarization.

[0 The polarization signal is expected at ~10% of temperature signal
(at several _K !1).

[0 Polarization can be described in terms of Stokes parameters: I, Q,
and U (observables).

[0 These can be decomposed into curl free and divergence free
components, called E and B by analogy to electromagnetism.

E type polarization B type polarization




CMB Polarization (cont.)

Observables Theoretical models
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Induced only by primordial gravitational waves

(simulated maps)



MAXIPOL

d Balloon Borne experiment to MAXIPOL-0 Launch (Fall 2002)
measure the CMB polarization.

USame instrumentation as Maxima,
outfitted with polarizer.

QFirst flight, Fall 2002 -> telemetry
failure.

OSuccessful Flight, Spring 2003.
Data analysis in progress. _ _ W




The Smithsonian thinks CMB is
cool!l

 aballoon-borne
(40-inch) telescope named Boomerang began to map
ions in the ca

mic background radiation. The productof

launched.

ional consortium, Boomerang was so named because the |
Antarctic winds carry it in a circular path back to where

COBE .,
, Cosmic Background
Explorer
1/6- model
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Boomerang Info
1/5 scale COBE model 0 g




